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A single semiconductor element in a flip chip construction 

5 

The invention relates to a single semiconductor element, in particular to a 
diode or to a transistor, in a flip chip construction. Such a single semi- 
conductor element has a substrate layer at its rear side as well as an 
active layer. The active layer contains the electrically active semiconductor 
10 components and it is arranged between the substrate layer and a contact 
side of the single semiconductor element lying opposite the rear of the 
single semiconductor element. 

Such a single semiconductor element moreover has a plurality of solder 
15 contacts which are electrically connected to the active layer and project 
beyond the contact side of the single semiconductor element in order to 
make possible a direct soldering of the single semiconductor element to a 
carrier board. These solder contacts are metal contacts which are capable 
of soldering and which are in particular connected to an anode or cathode 
20 region of the active layer via an intermediate metal layer and/ or via a 
bondable conductor track. 



The flip chip construction is conventionally used in IC technology, with a 
chip, which has a plurality of integrated semiconductor elements and a 

25 correspondingly large number of solder contacts, being fastened to a 

carrier board. For this purpose, the contact side of the chip is placed onto 
the carrier board and directly connected to it in that the solder contacts of 
the chip are soldered to the carrier board. Such a chip is usually protected 
by a thin oxide film produced in CVD (chemical vapor deposition) technol- 

30 ogy. 
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A problem in such integrated circuits in flip chip construction lies in the 
fact that a large number of comparatively small solder contacts are ar- 
ranged veiy close to one another at the contact side. To nevertheless 
5 ensure a reliable electrical contact, and simultaneously a mechanically 
stable seat, of the chip at the carrier board for all solder contacts, the 
contact side of the chip is provided with a so-called underfill. This is an 
insulating substance which is introduced between the solder contacts 
utilizing the capillary effect. 

10 

This conventional design of an IC chip in flip chip construction is not 
suitable for a single semiconductor element, that is for a discrete compo- 
nent such as an individual diode, a multi-diode or an individual transis- 
tor, without difficulty with respect to the assembly and to the operating 
1 5 reliability 

It is therefore an object of the invention to provide a single semiconductor 
element which has high operating reliability for a flip chip construction, 
with a simple design. A corresponding manufacturing method should also 
20 be provided. 

In accordance with a first embodiment of the invention, this object is 
satisfied by a single semiconductor element having the features of claim 1 
and in particular in that the contact side of the semiconductor element is 
25 provided with a glass passivation layer which surrounds the solder con- 
tacts around the periphery at the contact side of the single semiconductor 
element. 

This glass passivation layer protects the single semiconductor element at 
30 the contact side particularly effectively without a complex housing wall 
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being required there. The glass passivation layer is breached by the solder 
contacts so that a problem free soldering of the single semiconductor 
element to a carrier board continues to be possible. 

5 The glass passivation layer passivates the contact side in that damaging 
substances from the environment are blocked or bound. A glass is used 
for this purpose which itself has few content substances, or hone at all, 
which could bring about damage in the semiconductor substrate - for 
example by diffusion. Such glass materials are made, for example, by the 
10 companies of Schott in Landshut (Germany) or Viox in Seattle (Washing- 
ton, USA). 

An advantage of such a glass passivation layer at the contact side of the 
single semiconductor element therefore lies in a particularly good protec- 

15 tion in handling, in assembly and in the operation of the single semicon- 
ductor element. This special protective effect is in particular due to the 
fact that the thickness of the glass passivation layer is significantly larger 
than the thickness of known protective layers. The thickness of the glass, 
passivation layer is, for example, larger by a factor of 5 to 10 than a con- 

20 ventional oxide layer which is applied in CDV technology. 

A further advantage of the glass passivation layer for the use in the flip 
chip construction lies in the mechanical stabilization of the single semi- 
conductor element soldered to a carrier board. Particularly with single 
25 semiconductor elements which are prone to an unwanted tilting at the 
carrier board due to the low number of solder 

IC chips, a mechanically permanently stable seat at the carrier board is 
difficult to realize. The explained glass passivation layer does not only 
contribute to an improved protection due to its comparatively large thick- 
30 ness, but also to an increased mechanical stability such that, in contrast 
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to conventional flip chip construction, no additional so-called underfill is 
required. 

An advantage of the explained glass passivation layer further lies in the 
5 fact that this can be applied to the contact side of an individual semicon- 
ductor element in a particularly problem free manner, for example after a 
so-called sedimentation process. This is due to the fact that a single semi- 
conductor element has a relatively low number of solder contacts in com- 
parison with IC chips and has a correspondingly large spacing between 
10 the solder contacts. 

In an advantageous method for the manufacture of a single semiconductor 
element in accordance with the explained first embodiment, a substrate 
layer is provided with an active layer and subsequently the active layer is 
1 5 connected electrically effectively to at least two solder contacts which 

project beyond a contact side of the single semiconductor element. After or 
even prior to the production of the solder contacts, the contact side of the 
single semi-conductor element is provided with a glass passivation layer in 
the environment of the solder contacts. 

20 

For this purpose, the contact side is wetted with a suspension in which 
glass particles are held largely in suspension in a primarily alcoholic 
liquid mixture. The glass particles are therefore only weakly subject to 
gravity; however, they can gradually be precipitated directly from the 
25 suspension layer located above them without any further action or by 

centrifuging and then be dried on the contact side of the single semicon- 
ductor element. The glass particle layer produced at the contact side in 
this manner is subsequently heated or burned in order to fuse the depos- 
ited glass particles and thus to connect them to the single semiconductor 
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element. This method for the production of the glass passivation layer is 
also known as sedimentation. 

If is preferred for the metalization processes, for example the application of 
5 a conductor track made of aluminum, the application of an intermediate 
metal layer or the application of a metal contact which can be soldered, 
only to be carried out after the explained application of the glass passiva- 
tion layer since the metalization processes require lower temperatures 
than the explained glass burning. 

10 

It is of advantage that the glass passivation layer can be structured in a 
simple manner in order to keep free, or subsequently liberate, the contact 
side of the single semiconductor element from the glass passivation layer, 
for example in the region of the solder contacts or along a provided divid- 

15 ing grid. For this purpose, in particular a photo-lithographic process - 
known per se - can be used. The glass passivation layer is preferably 
initially - that is prior to the metalization processes - applied in full area 
to the contact side and subsequently fused on or burned. The glass pas- 
sivation layer is then photo-lithographically structured, i.e. it is covered 

20 with lacquer at those positions at which it should be maintained and the 
lacquer is removed from those positions at which the glass should be 
etched away. The metalization can take place after the etching. 

In this production method, the glass passivation layer is preferably ap- 
25 plied to an oxide layer or to another comparatively thin insulator layer 
which has previously been applied to the active layer of the single semi- 
conductor element. However, this is not obligatory. 

This single semiconductor element is preferably not produced separately, 
30 but together with a plurality of single semiconductor elements of the same 
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kind on the basis of a common substrate (wafer). For this purpose, the 
respective contact side of the plurality of semiconductor elements is kept 
free from the glass passivation layer, or subsequently liberated from it, 
along a dividing grid, as already explained above. The single semiconduc- 
5 tor elements are subsequently separated in that they are sawn apart along 
the dividing grid. A plurality of single semiconductor elements can thus be 
produced in a manner known per se on the basis of a common substrate, 
with the only local application of the glass passivation layer outside the 
provided dividing grid ensuring that no mechanical strains are transferred 
10 to the glass passivation layer during the sawing apart. Damage to the 
glass passivation layer is hereby avoided. 

In accordance with a second embodiment, the explained object is satisfied 
by a single semi-conductor element having the features of claim 8 and in 
1 5 particular in that at least one side face of the single semiconductor ele- 
ment is provided at least partly with an insulator layer for the avoidance of 
short circuits on the soldering of the single semiconductor element to the 
carrier board. 

20 It is therefore ensured in this embodiment that, after the soldering of the 
single semiconductor element to the carrier board in question, the non 
insulated outer surfaces of the single semiconductor element are signifi- 
cantly spaced apart from the carrier board or from solder balls present 
there. A short circuit between the soldered single semiconductor element 

25 and a conductor track of the carrier board is thereby particularly effec- 
tively avoided. This is in particular important with small single semicon- 
ductor elements since short circuits can occur particularly easily in a 
miniaturized environment due to excess solder. 
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The said insulator layer is in particular an oxide layer of the substrate 
used. 

It is of advantage if at least those side faces of the single semiconductor 
5 element are provided with the insulator layer which adjoin a solder con- 
tact in direct proximity in each case. However, for a particularly reliable 
avoidance of short circuits, all side faces of the single semiconductor 
element are preferably provided with the insulator layer. 

10 With respect to the height of the insulator layer at the respective side face 
of the single semiconductor element, it can already be sufficient for at 
least a quarter of the side face in question - starting from the contact side 
- to be provided with the insulator layer. It is, however, preferred for at 
least a third, or a half, of the side face in question to be provided with the 

15 insulator layer adjoining the contact side. A particularly good protective 
effect is naturally achieved if the side face of the single semiconductor 
element is completely provided with the insulator layer. 

It is particularly preferred if the single semiconductor element is produced 
20 in a so-called mesa construction, with so-called trenches etched in at the 
side and then sawn through. In this case, the insulator layer can be ap- 
plied after the etching of the trenches, but still before the sawing through, 
so that it covers the respective side face down to the depth of the original 
trench in the finished single semiconductor element. A sufficient electrical 
25 insulation is ensured in this manner even in an efficient mass production 
process. 

Accordingly, in an advantageous method for the production of a plurality 
of single semiconductor elements in accordance with the explained second 
30 embodiment, it is provided that initially a substrate is provided having a 
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plurality of electrically active regions adjoining one another at the side. 
Thereupon, dividing trenches are etched into the substrate along a grid 
between these electrically active regions. Subsequently, the surface of the 
substrate, including the dividing trenches produced, is provided with an 
5 insulator layer, in particular an oxide layer. This preferably takes place in 
a CVD process. Finally, the substrate is sawn apart along the dividing 
trenches to produce a plurality of single semiconductor elements. 

The explained method has the advantage that a plurality of single semi- 
10 conductor elements can be produced in conventional production technol- 
ogy and thus in an efficient and cost favorable manner, with each of these 
semiconductor elements being provided with the explained insulator layer 
at the side faces down to the depth of the original dividing trenches. 

15 It is also possible in the single semiconductor elements in accordance with 
the second embodiment for the active layer to be connected electrically to 
at least two solder contacts which project over the contact side of the 
single semiconductor element, with the contact side being provided, as 
explained in connection with the first embodiment, with a glass passiva- 

20 tion layer in the environment of the solder contacts. 

The explained object is satisfied in accordance with a third embodiment by 
a single semiconductor element having the features of claim 18 and in 
particular in that the at least two solder contacts have different outlines at 
25 the contact side of the single semiconductor element. 

In this embodiment, a different lateral shape of the two solder contacts is 
therefore provided with respect to the plane of extent of the single semi- 
conductor element at the contact side. For this purpose, a different shape 
30 of the respective outline of the solder contacts can be provided. Alterna- 



- 8 - 



tively or additionally, that is with the same or a different shape of the 
outline, the area taken up in each case by the solder contacts at the con- 
tact side is of a different size. 

5 These different outlines make possible a simple visual distinguishability of 
the two solder contacts such that the position of the anode and the posi- 
tion of the cathode cannot easily be confused. 

Moreover, the different shape or size of the respective outline of the solder 
10 contacts can be chosen such that the standard stability of the single 

semiconductor element at the relevant carrier board is increased. This is 
of particular importance in two-terminal devices since there is generally 
an increased risk of unwanted tilting with a fastening at only two fasten- 
ing positions. 

15 

It is preferred if each of the two solder contacts take up the same area at 
the contact side of the single semiconductor element. A size of the respec- 
tive area of the solder contacts which is the same, or at least similar, 
namely promotes a better processing capability during the soldering proc- 
20 ess with respect to the surface tension of the solder. 

A particularly good processing capability is also achieved when - addition- 
ally or alternatively - each of the two solder contacts has the same, or 
least a similar, peripheral length at the contact side of the single semicon- 
25 ductor element. 

To increase the standing stability of the single semiconductor element at 
the carrier board even further, at least one dummy contact can be pro- 
vided at the contact side in addition to the two solder contacts. Such a 
30 dummy contact is a contact which provides an additional mechanical 
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fastening position due to the soldering of the single semiconductor ele- 
ment to the carrier board without itself being electrically effective. Such a 
dummy contact can advantageously additionally contribute to the visual 
distinguishability of the electrically effective solder contacts (anode and 
5 cathode) by a suitable arrangement, for example by an asymmetrical 
arrangement relative to the two solder contacts. 

Alternatively to this, at least one of the two electrically effective solder 
contacts at the contact side of the single semiconductor element can be 

10 made in a plurality of parts. This means that the plurality of parts of the 
relevant solder contact projecting beyond the contact side have the same 
electrical functionality as an anode or a cathode, but project beyond the 
contact side at a plurality of positions. A plurality of mechanical fastening 
positions are also hereby produced to increase the standing stability of the 

15 single semiconductor element. 

It is furthermore of advantage for at least one of the solder contacts to 
extend longitudinally along one, more, or all outer edges of the contact 
side of the single semiconductor element. In such an arrangement of the 
20 solder contact, mechanical strains can namely be absorbed particularly 

uniformly, and thus effectively. Such mechanical strains occur in particu- 
lar on a change of load in operation of the single semiconductor element. 

The explained single semiconductor element in accordance with the third 
25 embodiment can also be provided with a glass passivation layer at the 

contact side, as explained for the first embodiment. Alternatively or addi- 
tionally, the single semiconductor element in accordance with the third 
embodiment can be provided with an insulator layer at at least one side 
face, as explained in connection with the second embodiment. 

30 
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Additional further developments of the invention axe recited in the de- 
pendent claims. 

The invention will be explained in the following by way of example with 
5 reference to the drawings, in which are shown: 

Fig. 1 a schematic side cross-sectional view of a single semi- 

conductor element in accordance with a first embodi- 
ment; 

10 

Fig. 2 a schematic side cross-sectional view of a single semi- 

conductor element in accordance with a second em- 
bodiment; and 

15 Figs. 3 and 4 in each case, a schematic plan view of the contact side 

of a single semiconductor element in accordance with a 
third embodiment. 



Fig. 1 shows a discrete semiconductor component, namely a diode. This 
20 single semiconductor element is provided for the fastening to a carrier 
board in accordance with the so-called flip chip technology. The carrier 
board is not shown in the Figures and is also not a subject of the inven- 
tion. 



25 The single semiconductor element shown in Fig. 1 has, starting from a 
rear side 11, a substrate layer 13 made of monocrystalline silicon. An 
active layer 15, in particular an epitaxially grown active layer, adjoins this. 
A cathode 17 and an anode 19 of different doping are formed within the 
active layer 15. They are embedded within an electrically active region 21 

30 of the active layer 15. 
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The side of the single semiconductor element disposed opposite the rear 
side 1 1 is made as a contact side 23. The active layer 15 is covered at this 
contact side 23 by an optional oxide layer 25 which has been deposited, 
for example, in a CVD process. Adjacent to this, the contact side 23 is 
terminated by a glass passivation layer 27. This is preferably produced 
according to the already explained sedimentation process and it can be 
thicker by a factor between 5 and 10 than the oxide layer 25. 

The oxide layer 25 and the glass passivation layer 27 are broached for a 
respective solder contact 29 in the region of the cathode 17 and of the 
anode 19. The solder contacts 29 are metal contacts which can be sol- 
dered and which are connected to the cathode 17 or to the anode 19 in an 
electrically effective manner via a respective intermediate metal layer 3 1 . 
The intermediate metal layers 3 1 improve the electrical and mechanical 
connection. The solder contacts 29 project beyond the contact side 23 of 
the single semiconductor element shown, and indeed at the same height. 

The single semiconductor element shown has an electrical functionality, 
here as a diode, known per se within the electrically active region 21. 
However, there is a special feature in that this diode is provided as a 
discrete component for a flip chip assembly at a carrier board. For this 
purpose, the single semiconductor element is - starting from the position 
in accordance with Fig. 1- turned around and placed from above onto the 
relevant carrier board with the contact side 23 facing downward such that 
the overhanging solder contacts 29 contact corresponding contact posi- 
tions of the carrier board. A solder connection is established with the 
carrier board by heating the solder contacts 29 so that an electrical and a 
mechanical connection are made at the same time. 
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The single semiconductor element in accordance with Fig. 1 is in particu- 
lar characterized by the glass passivation layer 27 which areally covers the 
contact side 23 and peripherally surrounds the solder contacts 29. This 
glass passivation layer 27 provides an effective mechanical protection for 
5 the contact side 23 during the handling and working of the still separated 
component. 

The glass passivation layer 27 also simplifies the explained application of 
the single semiconductor element to a carrier board since this single 

10 semiconductor element with the glass passivation layer 27 can contact the 
carrier board without problem without there being a risk of mechanical 
damage, of diffusion of damaging substances or of producing electrical 
short-circuits. At the same time, the glass passivation layer 27 promotes 
the mechanical standing stability of the component soldered to the carrier 

15 board such that no additional mechanical support measures are required. 

As shown in Fig. 1, the glass passivation layer 27 can also be interrupted 
at the outer edges of the contact side 23 of the single semiconductor 
element. This is of particular advantage if a plurality of similar single 

20 semiconductor elements are produced at one single substrate with one 

respective glass passivation layer 27 which are separated by sawing apart 
of the substrate. If, namely - as shown in Fig. 1 - the glass passivation is 
interrupted along the dividing grid provided for the sawing, this sawing 
does not result in unwanted mechanical strains at the respective glass 

25 passivation layer 27. 

Fig. 2 shows a single semiconductor element in accordance with a second 
embodiment. This has a similar design to the flip chip diode in accordance 
with Fig. 1 . Starting from a rear side 1 1 of the single semiconductor ele- 
30 ment shown in Fig. 2, there extend a substrate layer 13 and - adjoining it 
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- an active layer 1 5 with an electrically active region 2 1 within which a 
cathode 17 and an anode 19 are formed. The cathode 17 and the anode 19 
are each provided at a contact side 23 of the single semiconductor element 
with an intermediate metal layer 3 1 to which a respective solder contact 
5 29 is applied. The solder contacts 29 project beyond the otherwise areal 
contact side 23 - at the same height. 

The single semiconductor element shown in Fig. 2 is produced in a so* 
called mesa construction, with recesses 33 at the side faces of the single 
10 semiconductor element. These recesses 33 result from etched V-shaped 
trenches as will be explained in the following. The recesses 33 extend, 
starting from the contact side 23, in the direction of the rear side 1 1 be- 
yond half the thickness of the single semiconductor element. 

15 A special feature of the single semiconductor element shown in Fig. 2 lies 
in the fact that it is provided with an oxide layer 25 which does not only 
areally cover the contact side 23 — with breaches for the solder contacts 
29. This oxide layer 25 rather also covers the lateral recesses 33 down to 
their depths. 

20 

The single semiconductor element in accordance with Fig. 2 also has a 
customary electrical functionality, for example as a diode or - if an addi- 
tional electrically effective solder contact 29 is provided - as a transistor. 
This discrete component is also provided for a flip chip connection to a 
25 carrier board, as already explained in connection with Fig. 1. 

A particular advantage of the single semiconductor element in accordance 
with Fig. 2 lies in the fact that the oxide layer 25 extends along the re- 
cesses 33 and thus along a large part of the respective side face. As soon 
30 as the shown single semiconductor element has been soldered to a carrier 
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board at its contact side 23, the oxide layer 25 ensures that electrical 
short circuits cannot easily occur between the single semiconductor ele- 
ment and the carrier board due to excess solder. It is of particular advan- 
tage here that the oxide layer 25 extends - starting from the contact side 
5 23 - continuously up to the recesses 33 or to the corresponding side faces. 
A minimum spacing of the non insulated regions of the single semicon- 
ductor element from the carrier board is hereby ensured. 

A further advantage lies in the fact that this additional side insulation can 
10 be produced without any large additional effort as part of a customary 
production process. Starting from a common substrate, a plurality of 
similar single semiconductor elements can namely be produced in that the 
respective active layer 15 is produced with a cathode 17 and an anode 19 
along a pre-determined arrangement pattern within an electrically active 
15 region 21. The substrate is provided with dividing trenches along a grid 

which extend between the respective electrically active regions 21 and are, 
for example, eteched into the substrate. Subsequently, the substrate 
surface, including the dividing trenches etched into it, is provided with the 
oxide layer 25. The substrate is then sawn apart along the dividing 
20 trenches. 

A plurality of single semiconductor elements are produced in this manner 
which are provided, as shown in Fig. 2, with an oxide layer 25 at the side 
faces along the extent of the original dividing trenches. 

25 

It must still be mentioned with respect to the single semiconductor ele- 
ment in accordance with Fig. 2 that, with a square or rectangular outline, 
it can also be provided with the explained oxide layer 25 at all four side 
faces, in particular due to a peripheral extent of the etched dividing 
30 trenches in the explained production process. 
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This single semiconductor element can moreover additionally be provided 
with a glass passivation layer 27 at the contact side 23, as explained in 
connection with Fig. 1. It is generally even possible for a glass passivation 
5 layer to be applied (in place of the oxide layer 25 shown in Fig. 2) which 
also extends along the recesses 33. 

Figs. 3 and 4 show the contacting side 23 of a third embodiment of a 
respective flip chip single semiconductor element. This single semiconduc- 

10 tor element can have a customary design, as explained in connection with 
Figs. 1 and 2, comprising a substrate layer 13 at the rear side, an active 
layer 15 with a cathode 17 and an anode 19 formed thereon, as well as 
comprising a protective layer, in particular an oxide layer 25, at the con- 
tact side 23 and solder contacts 29 projecting beyond this. It is of particu- 

15 lar advantage if the single semiconductor element in accordance with Fig. 
3 or in accordance with Fig. 4 is additionally provided with a glass pas- 
sivation layer 27 in accordance with Fig. 1 and/ or with a side oxide layer 
25 in accordance with Fig. 2. 

20 A special feature of the single semiconductor element in accordance with 
Fig. 3 lies in the fact that the two solder contacts 29 have a different 
shape of the respective outline. The one solder contact 29 has a circular 
outline, while the outline of the other of the two solder contacts 29 has an 
elongate shape. Due to these different shapes, the two solder contacts 29 

25 can be visually distinguished from one another without problem so that, 
with a known association of the anode and of the cathode of the compo- 
nent to the solder contacts 29, the anode and the cathode cannot easily be 
confused on the soldering of the component to a carrier board. 
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A further advantage of the single semiconductor element in accordance 
with Fig. 3 lies in the fact that the two solder contacts 29 at the contact 
side 23 each take up approximately the same area and also each have 
approximately the same peripheral extent there. A similar dimension of 
5 the area taken up at the contact side 23 improves the processing capabil- 
ity of the single semiconductor element on the soldering to a carrier board 
with respect to disturbing effects which can result from the surface ten- 
sion of the solder. The similar lengths of the periphery of the solder con- 
tacts 29 in accordance with Fig. 3 respectively taken up also simplify the 
10 fastening of the single semiconductor element to a carrier board in the 
course of a solder process. 

A further advantage of this embodiment lies in the fact that the two solder 
contacts 29 have a comparatively large surface portion at the contact side 
15 23 - for example with respect to two substantially point- shaped contacts. 
A stable seat of the soldered single semiconductor element at the carrier 
board is hereby ensured. 

Finally, the elongate design of the one solder contact 29 perpendicular to 
20 the direction of arrangement of the two solder contacts 29 also contributes 
to a stable seat of the single semiconductor element at the carrier board, 
since a tilting perpendicular to the direction of arrangement of the two 
solder contacts 29 is hereby precluded. 

25 In the single semiconductor element in accordance with Fig. 4, one of the 
two solder contacts 29 has a U-shaped outline and extends along three 
outer edges of the contact side 23 of the shown single semiconductor 
element. The other of the two solder contacts 29 has a circular outline and 
is arranged within this U shape. 

30 
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The shown extent of the one solder contact 29 along a plurality of outer 
edges of the contact side 23 effects a good cushioning of possible stretch- 
ing effects which can in particular occur on a change in load in the opera- 
tion of the single semiconductor element. 

5 

The two solder contacts 29 are moreover particularly easily visually distin- 
guishable from one another due to the very different shapes of their re- 
spective outlines in order to be able to mark the cathode and the anode 
hereby. 

10 

Alternatively to the U shape of the one solder contact 29 in accordance 
with Fig. 4, its outline can also be rounded to form a C shape. The other 
solder contact 29 in accordance with Fig. 4 also does not necessarily have 
to be circular, but can, for example, also be square, rectangular or T- 
15 shaped, with the transverse bar of the T shape extending along the fourth 
outer edge of the contact side 23. 

It must still be mentioned with respect to the embodiments shown that 
the explained single semiconductor elements can each have - as a discrete 
20 diode - precisely two, or - as a discrete transistor - precisely three electri- 
cally active solder contacts 29. Furthermore, the solder contacts 29 can 
optionally have a non fusible core which serves as a spacer in the fasten- 
ing of the respective single semiconductor element to a carrier board. 
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